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MOTOR CONTROL SYSTEM FOR 
DYNAMICALLY CHANGING MOTOR 

ENERGIZATION CURRENT WAVEFORM 
PROFILES 

RELATED APPLICATIONS 

This application contains subject matter related to 
copending US. application Ser. No. 09/826,423 of Maslov 
et al., ?led Apr. 5, 2001, copending U.S. application Ser. No. 
09/826,422 of Maslov et al., ?led Apr. 5, 2001, US. appli 
cation Ser. No. 09/966,102, of Maslov et al., ?led Oct. 1, 
2001, US. application Ser. No. 09/993,596 of Pyntikov et 
al., ?led Nov. 27, 2001, Us. application Ser. No. 10/173, 
610, of Maslov et al., ?led Jun. 19, 2002, and US. appli 
cation Ser. No. 10/290,537, of Maslov et al., ?led Nov. 8, 
2002, all commonly assigned With the present application. 
The disclosures of these applications are incorporated by 
reference herein. 

FIELD OF THE INVENTION 

The present invention relates to control of electric motors, 
more particularly to implementation, individually, of a plu 
rality of motor control schemes to effect associated stator 
current Waveform pro?les. 

BACKGROUND 

The above-identi?ed copending patent applications 
describe the challenges of developing efficient electric motor 
drives. Electronically controlled pulsed energiZation of 
motor windings offers the prospect of more ?exible man 
agement of motor characteristics. By control of pulse Width, 
duty cycle, and sWitched application of an energy source to 
appropriate stator Windings, greater functional versatility 
can be achieved. The use of permanent magnets in conjunc 
tion With such Windings is advantageous in limiting current 
consumption. 

In a vehicle drive environment, Wherein poWer availabil 
ity for a traction motor is limited to an on-board supply, it 
is highly desirable to attain a high torque output capability 
at minimum poWer consumption While maintaining high 
ef?ciency in all conditions of traction motor operation. 
Motor structural arrangements described in the copending 
applications contribute to these objectives. As described in 
those applications, electromagnet core segments may be 
con?gured as isolated magnetically permeable structures in 
an annular ring to provide increased ?ux concentration. 
Isolation of the electromagnet core segments permits indi 
vidual concentration of ?ux in the magnetic cores, With a 
minimum of ?ux loss or deleterious transformer interference 
effects occurring from interaction With other electromagnet 
members. 

The above-identi?ed copending application Ser. No. 
10/173,610 describes a control system for a multiphase 
motor that compensates for variations in individual phase 
circuit elements. A high degree of precision controllability is 
obtained With each phase control loop closely matched With 
its corresponding Winding and structure. Successive 
sWitched energiZation of each phase Winding is governed by 
a controller that generates signals in accordance With param 
eters associated With the respective stator phase components 
and selected driving algorithms. The phase Windings are 
energiZed With current of sinusoidal Waveform for high 
ef?ciency operation. The control system varies the output 
current to respond to, and accurately track, the user’s torque 
command input. 
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2 
The sinusoidal current Waveform pro?le obtained With 

this commutation strategy can extend battery life through 
ef?cient operation. HoWever, in vehicle driving operation 
there may be a need for torque capability in excess of that 
available from the most ef?cient control scheme. Typically, 
the poWer supply is rated for a maximum current discharge 
rate, for example, 10.0 amps. If the user of the system 
requests a torque command that correlates to this maximum 
current draW, then the motor torque output for a sinusoidal 
current Waveform pro?le is limited, for example, to approxi 
mately 54.0 Nm in a motor With a con?guration such as 
described above. In vehicle drive applications, torque input 
commands are associated by users With commands for 
change of speed. In typical driving operation, user torque 
requests are subject to Wide variability With little, if any, 
long term predictability. A driver may demand higher accel 
eration or greater speed than the system can accommodate at 
maximum torque With a sinusoidal current Waveform. Driv 
ing conditions, such as steep uphill grade or heavy vehicle 
load or the like, may impose other limitations on available 
speed and acceleration. Other non-vehicular applications 
may have similar high torque requirements. 
The need thus exists for a motor control system that is 

capable of performing With high ef?ciency yet can deliver 
increased torque output When required by the user. The 
above-identi?ed application Ser. No. 10/290,537 addresses 
this need by making available a plurality of motor control 
schemes for a motor drive, each of Which can provide a 
unique current Waveform pro?le. One of the motor control 
schemes may be selected by the user to obtain a current 
Waveform pro?le that has the greatest capability to meet 
operating objectives. For example, a control scheme may be 
selected that yields high ef?ciency operation, such as a 
sinusoidal Waveform, While another control scheme may be 
selected that provides higher torque, albeit With less oper 
ating efficiency. Selection among motor control schemes 
may be made in accordance With the user’s needs or objec 
tives With respect to torque and ef?ciency, or other factors, 
e.g., loW torque ripple and noise, etc., at any particular time. 
A selected motor control scheme Will be implemented to 
generate control signals to produce motor energiZation cur 
rent having the associated Waveform pro?le. 

In a vehicle traction application, for example, user pro?le 
selection provides the driver of a vehicle ?exibility to adjust 
operation to meet objectives. For example, if the driver 
seeks to reach the destination in minimum time, a high 
torque pro?le can be selected and maintained throughout a 
trip to provide maximum speed and acceleration capability. 
If, hoWever, a greater concern is to conserve an on-board 
energy source for a relatively long trip, the high ef?ciency 
pro?le can be selected throughout, possibly With the user’s 
selection of the high torque pro?le at various points on a 
limited basis. Reference is made to the ([identify]) applica 
tion for a more detailed description of exempli?ed Wave 
forms, particularly high efficiency, sinusoidal Waveforms, 
and high torque, square Wave shaped Waveforms. 
The variable conditions and changing requirements of 

vehicle operation, hoWever, may call for a change in pro?le 
more frequently or rapidly than the driver can, or Would 
desire to, keep pace With. A driver’s torque requests may be 
adequately met With selection of the high efficiency pro?le 
mode except for relatively transient instances such as pass 
ing situations, uphill grades, etc. In those instances, the 
driver may not be suf?ciently responsive to the changing 
conditions to obtain optimum advantage of a change in 
selection from a high ef?ciency pro?le to a high torque 
pro?le. When the high torque requirement conditions dimin 
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ish, return to the high ef?ciency pro?le may be delayed until 
the user realizes that the high torque pro?le is no longer 
necessary, thus draWing unnecessary current from the bat 
tery. Thus, it Would be desirable to use the high torque mode 
only When torque greater than that available from the high 
ef?ciency mode is required. 

The need remains for a system in Which a motor control 
scheme is automatically selected on a dynamic basis to 
provide an appropriate energiZation current Waveform pro 
?le. 

DISCLOSURE OF THE INVENTION 

The present invention ful?lls this need by providing a 
plurality of motor control schemes for a motor drive, each of 
Which can produce a unique motor energiZation current 
Waveform pro?le. One or more conditions are monitored 
continuously throughout motor operation. One of the motor 
control schemes is automatically selected on a dynamic 
basis in accordance With criteria associated With the moni 
tored conditions. The motor is energiZed in accordance With 
the selected motor control scheme With the appropriate 
current Waveform pro?le. The present invention provides 
additional advantages in motors having ferromagnetically 
autonomous stator electromagnets. 

The motor control schemes may comprise a high ef? 
ciency motor control scheme that provides a current Wave 
form pro?le for relatively optimum operating efficiency and 
a high torque motor control scheme that provides a current 
Waveform pro?le for relatively high operating torque 
response. The system is responsive to a user input signal that 
represents a torque request. The user input signal is sensed 
and the ability of the system to meet the torque request is 
monitored to select the appropriate motor control scheme 
accordingly. The ability of the system to meet torque request 
is a function of motor speed, Which is continuously sensed 
to facilitate the torque demand monitoring function. The 
high ef?ciency motor control scheme is implemented unless 
the corresponding current Waveform pro?le is unable to 
meet the torque demand; otherWise, the high torque motor 
control scheme is implemented. 
An additional advantage of the invention is that the user 

may be given the option to disengage the automatic pro?le 
selection function by inputting a manual selection. For 
example, the user may elect to employ the high ef?ciency 
mode throughout operation to preserve the poWer supply as 
much as possible on longer trips, even if occasional sacri 
?ces are made in maximum available torque. 

The present invention may be manifested in a control 
system for a multiphase motor having a plurality of stator 
phase components, each stator phase component comprising 
a phase Winding formed on a core element, and a permanent 
magnet rotor. Preferably, each of the stator core elements 
comprises ferromagnetic material separated from direct con 
tact With the other core elements, each stator phase compo 
nent thereby forming an autonomous electromagnet unit. 
Stator energiZation current is provided by a direct current 
poWer supply through circuitry coupled to a controller. The 
controller can access any of a plurality of stored motor 
control schemes to implement stator energiZation current 
having a corresponding Waveform pro?le. The controller is 
dynamically responsive to one or more monitored conditions 
to effect selection of the motor control schemes. The stored 
motor control schemes are determinative of the current 
Waveform pro?les and, When accessed, are incorporated into 
controller operation. The motor control schemes may com 
prise, for example, an ef?ciency motor control scheme that 
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4 
provides a current Waveform pro?le for relatively optimum 
operating ef?ciency, such as a substantially sinusoidal Wave 
shape, and a high torque motor control scheme that provides 
a current Waveform pro?le for a relatively high operating 
torque response, such as a substantially rectangular Wave 
shape. 
A user input is coupled to the controller from Which a 

torque request signal is received. Another input to the 
controller receives a signal representing motor speed, 
derived from continuous sensing of rotor position. Based on 
these signals, the controller can derive the motor torque 
demands and the control voltages necessary to meet the 
torque demands on a real time basis. If the voltage required 
to sustain sinusoidal Waveform pro?le mode exceeds the 
poWer supply voltage, then the controller selects the high 
torque pro?le mode operation, accessing the data therefor 
from the pro?le memory. As an alternative to repeated real 
time calculation for pro?le selection, a lookup table that 
correlates pro?le selection With torque request input and 
monitored speed may be stored in memory. 

Additional advantages of the present invention Will 
become readily apparent to those skilled in this art from the 
folloWing detailed description, Wherein only the preferred 
embodiment of the invention is shoWn and described, simply 
by Way of illustration of the best mode contemplated of 
carrying out the invention. As Will be realiZed, the invention 
is capable of other and different embodiments, and its 
several details are capable of modi?cations in various obvi 
ous respects, all Without departing from the invention. 
Accordingly, the draWings and description are to be regarded 
as illustrative in nature, and not as restrictive. 

BRIEF DESCRIPTION OF DRAWINGS 

The present invention is illustrated by Way of example, 
and not by Way of limitation, in the ?gures of the accom 
panying draWing and in Which like reference numerals refer 
to similar elements and in Which: 

FIG. 1 is an exemplary vieW shoWing rotor and stator 
elements in a con?guration that may be employed in the 
present invention. 

FIG. 2 is a block diagram of a motor control system in 
accordance With the present invention. 

FIG. 3 is a block diagram that illustrates torque controller 
methodology for use in the control system of FIG. 2. 

FIG. 4 is a How chart for operation of the pro?le selection 
functionality in accordance With the present invention. 

FIG. 5 is a curve representing pro?le mode selection for 
ranges of torque and speed in accordance With the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention is applicable to a motor such as 
disclosed in the copending application Ser. No. 09/826,422, 
although the invention can be used With various other 
motors, including permanent magnet motors. FIG. 1 thus is 
an exemplary vieW shoWing rotor and stator elements as 
described in that application, the disclosure of Which has 
been incorporated herein. Rotor member 20 is an annular 
ring structure having permanent magnets 21 substantially 
evenly distributed along cylindrical back plate 25. The 
permanent magnets are rotor poles that alternate in magnetic 
polarity along the inner periphery of the annular ring. The 
rotor surrounds a stator member 30, the rotor and stator 
members being separated by an annular radial air gap. Stator 
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30 comprises a plurality of electromagnet core segments of 
uniform construction that are evenly distributed along the air 
gap. Each core segment comprises a generally U-shaped 
magnetic structure 36 that forms tWo poles having surfaces 
32 facing the air gap. The legs of the pole pairs are Wound 
With Windings 38, although the core segment may be con 
structed to accommodate a single Winding formed on a 
portion linking the pole pair. Each stator electromagnet core 
structure is separate, and magnetically isolated, from adja 
cent stator core elements. The stator elements 36 are secured 
to a non-magnetically permeable support structure, thereby 
forming an annular ring con?guration. This con?guration 
eliminates emanation of stray transformer ?ux effects from 
adjacent stator pole groups. The stator electromagnets are 
thus autonomous units comprising respective stator phases. 
The concepts of the invention, more fully described beloW, 
are also applicable to other motor structures, including a 
unitary stator core that supports all of the phase Windings. 

FIG. 2 is a block diagram of a motor control system in 
accordance With the present invention. A plurality of mul 
tiphase motor stator phase Windings 38 are sWitchably 
energiZed by driving current supplied from d-c poWer source 
40 via hybrid poWer block 42. The poWer block may 
comprise electronic sWitch sets that are coupled to controller 
44 via a pulse Width modulation converter and gate drivers. 
Each phase Winding is connected to a sWitching bridge 
having control terminals connected to receive pulse modu 
lated output voltages from the controller. Alternatively, the 
sWitching bridges and gate driver components may be 
replaced by ampli?ers linked to the controller output volt 
ages. Reference is made to the above identi?ed application 
Ser. No. 10/290,537 for a more detailed description of the 
Winding poWer circuitry. 

Current in each phase Winding is sensed by a respective 
one of a plurality of current sensors 45 Whose outputs are 
provided to controller 44. The controller may have a plu 
rality of inputs for this purpose or, in the alternative, signals 
from the current sensors may be multiplexed and connected 
to a single controller input. Rotor position and speed sensor 
46 provides rotor position and speed feedback signals to the 
controller. The sensor may comprise a Well knoWn resolver, 
encoder or their equivalents and a speed approximator that 
converts the position signals to speed signals in a Well 
knoWn manner. The controller is connected to the supply 40 
by a primary poWer supply bus. The controller is also 
provided With user inputs, including a torque request input 
47 and a pro?le selection input 48. 

The controller may comprise a microprocessor or equiva 
lent microcontroller, such as Texas Instrument digital signal 
processor TMS320LF2407APG. Coupled to the controller 
are program RAM memory 50, program ROM 52, DATA 
RAM 54 and pro?le memory 56. These illustrated units are 
merely representative of any Well knoWn storage arrange 
ments by Which the controller may access stored random 
data and program data. Pro?le memory 56 is shoWn sepa 
rately in the draWing for purposes of illustration of the 
inventive concepts. The pro?le memory may comprise a 
ROM in Which are stored the portions of the motor control 
scheme programs that dictate the motor current Waveform 
pro?les obtained With implementation of the associated 
control schemes. The pro?le memory data may be stored in 
the form of a pro?le functions library and/or lookup tables. 
The pro?le memory data structure can be in a form of 
real-time calculations and optimiZation routines. As an alter 
native, or in addition, to ROM, a unit can be provided that 
calculates values during real-time motor operation. 
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In the vehicle drive application example, the torque 

request input 47 represents torque required by the user’s 
throttle. An increase in throttle is indicative of a command 
to increase speed, Which can be realiZed by an increase in 
torque. Alternatively, it may be indicative of a command to 
increase torque in order to maintain the same speed of a 
vehicle under heavy load conditions, such as uphill driving. 
In operation, the control system torque tracking functional 
ity should maintain steady state torque operation for any 
given torque request input through varying external condi 
tions, such as changes in driving conditions, load gradient, 
terrain, etc., and should be responsive to changes at the 
torque request input to accommodate the driver’s throttle 
commands. The manner in Which the control system 
responds to torque input requests is dependent upon the 
particular motor control scheme implemented. Aplurality of 
motor control schemes are available to obtain an appropriate 
response. Each control scheme effects a particular motor 
current Waveform pro?le having unique characteristics With 
respect to ef?ciency, torque capacity, response capability, 
poWer losses, etc. FIG. 3 is a block diagram that illustrates 
a motor control scheme utiliZed in the copending Ser. No. 
10/173,610 application identi?ed and incorporated herein 
above. Reference is made to that application for detailed 
description of operation. In order to develop the desired 
phase currents the folloWing per-phase voltage control 
expression is applied to the driver for the phase Windings: 

FIG. 3 represents the methodology, generally indicated by 
reference numeral 60, by Which the controller derives the 
components of this voltage expression in real time, utilizing 
the torque request input and the signals received from phase 
current sensors, position sensor and speed detector. Func 
tional block 70 represents the formulation and addition of 
the components of the above expression to obtain the control 
voltage in real time. Each of the functional blocks 62, 64, 66, 
68, 72, 74 and 76, shoWn as inputs to block 70, represents 
the generation of the various elements of the components 
obtained from real time inputs received by the controller or 
parameter constants. Block 62 represents a precision torque 
tracking functionality, the per-phase desired current trajec 
tories being selected according to the folloWing expression: 

Where Idi denotes per-phase desired current trajectory, "5d 
denotes the user’s requested torque command, NS represents 
the total number of phase Windings, Kn- denotes a per-phase 
torque transmission coef?cient and 0,- represents rotor posi 
tion signal for the ith phase. The per-phase current magnitude 
is dependent upon the per-phase value of the torque trans 
mission coef?cient Kw. 

In operation, controller 44 successively outputs control 
signals Vl-(t) to the hybrid poWer block for individual ener 
giZation of respective phase Windings in a sequence estab 
lished in the controller. Each successive control signal Vl-(t) 
is related to the particular current sensed in the correspond 
ing phase Winding, the immediately sensed rotor position 
and speed, and also to model parameters, Kei and K“, that 
have been predetermined speci?cally for the respective 
phases. The computations illustrated in FIG. 3 are performed 
successively in real time. The expression shoWn in block 62 
in this motor control scheme provides the desired current 
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component for the tracking torque output control signal Vl-(t) 
With a sinusoidal Waveform pro?le. The sine Wave current 
trajectory I (t) is generated from the folloWing equation sin 

In” :1," Sin (Nr 9i) 

Where Im denotes the phase current magnitude, N, denotes 
the number of permanent magnet pairs and et- denotes the 
measured per phase rotor position signal. As described in the 
above identi?ed copending application Ser. No. 10/290,537, 
this sinusoidal current Waveform pro?le provides ef?cient 
motor operation. 

Different expressions for block 62 can be used for the 
torque tracking functionality of FIG. 3 to obtain different 
current Waveform pro?les for manifesting other operational 
aspects, although sacri?cing some of the efficiency achieved 
With the sinusoidal Waveform pro?le. For higher torque 
operation, the expression of block 62 shoWn in FIG. 3 can 
be replaced With an expression yielding a square Wave 
current Waveform trajectory ISq(t), such as 

Where sgn denotes the standard signum function and is 
de?ned as 1 if x>0, 0 if x=0, and —1 if x<0. Reference is 
again made to copending application Ser. No. 10/290,537 
for a more detailed description comparing the ef?ciency and 
torque features of the tWo different current Waveform pro 
?les obtained from the motor control schemes discussed 
above. 

Pro?le memory 56 stores data that are used by the 
controller to obtain the current values that satisfy the expres 
sions exempli?ed above. For the square Wave pro?le, the 
expression LidIdi/dt may be prestored. The data may be 
stored as lookup tables in a pro?le functions library, each 
motor control scheme having a corresponding lookup table. 
Each entry in a lookup table represents a value of current, 
shoWn as the output of block 62 in FIG. 3, for a particular 
combination of torque request value and rotor position for 
the corresponding motor control scheme. If a control scheme 
is selected for Which the sinusoidal Waveform is produced, 
the corresponding pro?le memory data is accessed. Square 
Wave pro?le memory data Would be accessed if the corre 
sponding control scheme is selected. Alternatively, the pro 
?le memory may store data for each pro?le With Which the 
desired current value Idl- is repeatedly computed by the 
controller in real time. While expressions for sinusoidal and 
square Wave Waveforms have been set forth above for 
purposes of illustration, other Waveform pro?les, such as 
saWtooth, etc., may be utiliZed for different operational 
purposes. 

Selection of pro?le data can be made by the controller 
automatically as appropriate during motor operation. Alter 
natively, a user can select an operational mode correspond 
ing to one of the pro?les by inputting a pro?le selection 
signal at controller input 48. Pro?le selection operation is 
described With reference to the How chart shoWn in FIG. 4. 
The description pertains to a speci?c example in Which the 
pro?le memory contains data for implementing a high 
ef?ciency pro?le motor control scheme, such as a control 
scheme for producing a sinusoidal motor current Waveform 
and for implementing a high torque pro?le, such as a control 
scheme for producing a square Wave motor current Wave 
form. This example is merely illustrative, as data for other 
pro?les may be stored in the pro?le memory and accessed 
under operating conditions for Which different current Wave 
forms are appropriate. 
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In the absence of a pro?le select signal detected by the 

controller, an automatic pro?le selection mode is invoked. 
At step 100, the controller detects Whether a user pro?le 
selection signal has been received at input 48 to determine 
Whether the automatic mode is to be invoked. If the deter 
mination in step 100 is negative, the controller determines at 
step 102 Whether the received pro?le select signal is a high 
torque pro?le selection. If not, the controller, after any 
appropriate delay, accesses the pro?le memory to retrieve 
data from the high efficiency pro?le lookup table at step 104. 
The retrieved data yields the desired current value I di for the 
instantaneous values of the torque request and the sensed 
rotor position levels. If, instead, the high torque pro?le has 
been selected, as determined in step 102, the corresponding 
lookup table is accessed at step 106 and the appropriate 
value of I di for this table is obtained. The process How from 
both steps 104 and 106 returns to step 100 for determination 
of Whether there is still a user pro?le selection received and 
the nature of such selection to continue in the above 
described manner. Operation at steps 104 and 106 occurs 
after the selection in step 102 for a period sufficiently long 
to overcome transient effects in pro?le changeover. Thus, an 
appropriate delay for return of the process How to step 100 
may extend for a number of successive feedback samplings. 

If no user pro?le selection input signal is present and the 
system has not been sWitched off, the controller determines 
at step 100 that the Waveform pro?le is to be automatically 
selected. In this automatic mode, determination is made by 
the controller at step 108 of Whether or not the system, in the 
high ef?ciency pro?le motor control scheme, has the capa 
bility of meeting the torque tracking requirements for the 
user requested torque input. Such determination can be 
made With reference to the value of the controller Vl-(t) from 
the output of block 70 of FIG. 3 that Would be derived from 
values of the user requested torque input and the motor 
speed. The torque demands can be met if the derived control 
voltages do not exceed the voltage level of the poWer supply. 
If the derived level of this output does not exceed the poWer 
supply voltage as determined in step 108, the controller can 
apply the voltage required by the high ef?ciency motor 
control scheme for torque tracking. The controller, after any 
appropriate delay, Will then access the pro?le memory to 
retrieve data from the high efficiency pro?le lookup table at 
step 110. If, instead, the derived voltage level is higher than 
the poWer supply voltage, determination is made at step 108 
that the poWer supply capacity is exceeded. The controller, 
after any appropriate delay, Will then access the pro?le 
memory to retrieve data from the high torque pro?le lookup 
table at step 112. The process How from both steps 110 and 
112 returns to step 100 to continue in the above described 
manner. The delays discussed above are appropriate if 
operation is to change from one operational pro?le mode to 
another. 
While the automatic mode pro?le selection represented by 

step 108 can be performed by repeated calculation of a 
torque capacity threshold on a real time basis, calculations 
of voltage for various combinations of torque request and 
motor speed can be made in advance and linked With the 
appropriate pro?le in a lookup table in the pro?le memory. 
FIG. 5 is a curve that represents a boundary in such a lookup 
table betWeen ranges for high ef?ciency pro?le mode selec 
tion and high torque pro?le mode selection for values of 
torque and speed in accordance With the illustrated example. 
The lookup table is formulated by making the above 
described controller voltage/supply voltage comparison for 
a multitude of speed/requested torque combinations. With 
the abscissa of the graph representing speed and the ordinate 
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representing requested torque, the curve is asymptotic to 
both axes With speed/torque combinations above the curve 
being beyond the capacity of the system to track torque in 
the high ef?ciency pro?le operational mode. The controller 
upon accessing this lookup table Will select the high ef? 
ciency pro?le mode for speed/torque combinations repre 
sented by points beloW the curve and select the high torque 
pro?le mode for the remaining points. 

In this disclosure there is shoWn and described only 
preferred embodiments of the invention and but a feW 
examples of its versatility. It is to be understood that the 
invention is capable of use in various other combinations 
and environments and is capable of changes or modi?cations 
Within the scope of the inventive concept as expressed 
herein. For example, various other current Waveform pro 
?les may be utiliZed. The pro?le memory thus may store a 
plurality of pro?les accessible by the controller in response 
to receipt of speci?c pro?le selection commands. Various 
lookup tables of varying complexities can be formulated for 
appropriate pro?le mode selection by the controller. 
What is claimed is: 
1. A method for adaptive control of a multiphase motor 

comprising the steps of: 
storing a plurality of motor control schemes for effecting 

different operating pro?les corresponding, respectively, 
to different operational criteria; 

inputting a command; 
sensing a motor operational condition; 
accessing one of the stored motor control schemes in 

accordance With one criterion of said criteria that 
corresponds to the input command and the sensed 
motor operational condition; and 

generating motor control signals to provide motor ener 
giZing current from a poWer supply for an operating 
pro?le corresponding to the selected stored motor con 
trol scheme. 

2. Amethod as recited in claim 1, Wherein the input signal 
represents a user request and is subject to variation, and the 
steps of sensing, accessing and generating are repeatedly 
performed throughout motor operation for adaptive control 
of the motor, Wherein a plurality of different motor pro?les 
are implemented dynamically during motor operation. 

3. Amethod as recited in claim 2, Wherein the input signal 
represents a torque request and the motor operational con 
dition is motor speed. 

4. A method for adaptive control of a multiphase motor 
comprising the steps of: 

identifying a plurality of motor control schemes for 
effecting respective different operating pro?les; 

inputting a variable command that represents a user 
torque request; 

sensing motor speed: 
selecting one of the motor control schemes in accordance 

With the input command and the sensed motor speed; 
generating motor control signals to provide motor ener 

giZing current from a poWer supply for an operating 
pro?le corresponding to the selected motor control 
scheme; and 

repeating the steps of sensing, selecting and generating 
throughout motor operation for adaptive control of the 
motor; 

Wherein the stored motor control schemes comprise an 
ef?ciency motor control scheme that provides a current 
Waveform pro?le for relatively optimum operating ef? 
ciency and a high torque motor control scheme that 
provides a current Waveform pro?le for relative high 
operating torque response. 
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5. A method as recited in claim 4, Wherein the relatively 

optimum operating ef?ciency current Waveform pro?le has 
a substantially sinusoidal Waveshape and the relatively 
maximum torque response current Waveform pro?le has a 
substantially rectangular Waveshape. 

6. A method as recited in claim 5, Wherein the selecting 
step comprises: 

determining Whether a threshold is exceeded based on the 
torque request and the motor speed; and 

accessing a stored motor control scheme, the motor con 
trol scheme accessed being dependent upon the deter 
mination made in the determining step. 

7. A method as recited in claim 6, Wherein the torque 
motor control scheme is selected When the threshold is 
exceeded and the ef?ciency motor control scheme is selected 
When the threshold is not exceeded. 

8. A method as recited in claim 7, Wherein the threshold 
is the poWer supply voltage level and the determining step 
comprises deriving a control voltage required for operation 
using the efficiency motor control scheme. 

9. A method as recited in claim 7, the determining step 
comprises accessing a lookup table having entries based on 
torque request and motor speed. 

10. A method for adaptive control of a multiphase motor 
comprising the steps of: 

identifying a plurality of motor control schemes for 
effecting respective different operating pro?les; 

inputting a command; 
sensing a motor operational condition; 
selecting one of the motor control schemes in accordance 

With the input command and the sensed motor opera 
tional condition; and 

generating motor control signals to provide motor ener 
giZing current from a poWer supply for an operating 
pro?le corresponding to the selected motor control 
scheme; 

Wherein the motor stator comprises a plurality of ferro 
magnetically autonomous electromagnets, each elec 
tromagnet having Wound thereon one of the phase 
Windings. 

11. A motor control system for a multiphase permanent 
magnet motor having a stator With a plurality of phase 
Windings, said system comprising: 

energiZation circuitry for providing energiZation current 
to the motor stator Windings from a poWer supply; 

a controller coupled to the energiZation circuitry, the 
controller having a plurality of inputs; 

storage means coupled to the controller, the storage means 
having stored therein a plurality of different motor 
control schemes for respectively effecting different 
stator current Waveform pro?les; and 

motor condition sensing means coupled to one input of 
the controller; 

Wherein the controller is dynamically responsive to the 
motor condition sensing means to access the motor 
control schemes from the storage means to energiZe the 
motor With corresponding current Waveform pro?les in 
accordance With criteria associated With the sensed 
motor condition. 

12. Amotor control system as recited in claim 11, Wherein 
said stored motor control schemes comprise an ef?ciency 
motor control scheme that provides a current Waveform 
pro?le for relatively optimum operating ef?ciency and a 
high torque motor control scheme that provides a current 
Waveform pro?le for a relative high operating torque 
response. 
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13. Amotor control system as recited in claim 12, Wherein 
the relatively optimum operating ef?ciency current Wave 
form pro?le has a substantially sinusoidal Waveshape and 
the relatively maXimum torque response current Waveform 
pro?le has a substantially rectangular Waveshape. 

14. Amotor control system as recited in claim 13, Wherein 
another input to the controller is a torque request input for 
receiving a user signal; and 

Wherein a motor control scheme is accessed by the 
controller in accordance With a threshold dependent 
upon a signal received at the torque request input and 
a signal received from the motor condition sensing 
means. 

15. Amotor control system as recited in claim 14, Wherein 
the high torque motor control scheme is accessed When the 
threshold is eXceeded and the efficiency motor control 
scheme is accessed When the threshold is not exceeded. 

16. Amotor control system as recited in claim 14, Wherein 
the motor condition sensing means comprises a motor speed 
sensor. 
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17. Amotor control system as recited in claim 16, Wherein 

the storage means comprises a lookup table having entries 
based on torque request and motor speed, each entry des 
ignating one of the motor control schemes. 

18. Amotor control system as recited in claim 11, Wherein 
the motor stator comprises a plurality of ferromagnetically 
autonomous electromagnets, each electromagnet having 
Wound thereon one of the phase Windings. 

19. Amotor control system as recited in claim 11, Wherein 
one of the controller inputs is a user select input for 
receiving a signal designating one of the stored motor 
control schemes, and Wherein, in response to receipt of a 
signal at the user select input, a motor control scheme is 
accessed for implementation regardless of the motor condi 
tion sensing means. 


